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(57) ABSTRACT

A folding square framework which may serve as a support

for a tensile canvas or membrane. This framework, which

may be mounted on a fixed column or wall, may fold, around

hinges set at 54.3° to the longitudinal axes of each member
of the framework, at each corner, compactly together such
that all four sides of the framework are rested parallel with
onc another, perpendicular to the plane of the unfolded
structure.

5 Claims, 6 Drawing Sheets
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FIG. 6
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1
HINGED FOLDING FRAMEWORK

CROSS REFERENCE TO RELATED
APPLICATIONS

None

STATEMENT REGARDING FEDERAL
SPONSORED R & D

No Federal Sponsored R & D was mvolved 1n this
invention.

REFERENCE TO SEQUENCE LISTINGS,
COMPUTER PROGRAMS, ETC.

None are 1nvolved 1n this invention.
1. Field of the Invention

The field of this invention 1s structural units, particularly
that of folding structural unaits.

2. Background of the Invention

Many fold-up frames are known, but none has been found
which unfolds from a parallel bundle of four frame posts
automatically and co-dependently mto a square, planar
frame, and back again.

SUMMARY OF THE INVENTION

Four substantially 1dentical frame posts are formed with
hinge halves at each end. The hinge halves are positioned
orthogonally to one another as viewed along the longitudinal
axis of each frame post. Each hinge half defines a hinge-
edge position for a hinge pin such that the longitudinal axis
of the hinge pin forms an angle with the longitudinal axis of
the frame post which is substantially 125.7°, or the comple-
mentary angle, 54.3° (plus or minus one-half degree).

When hinged together the four frame posts form a square,
and, pivoting about their respective hinge axes, they fold up
into a parallel bundle.

It may be noted that the frame post and hinge assembly of
the present imnvention 1s somewhat similar to the structure
disclosed in my copending application Ser. No. 09/022,552,

International Publication No. 99/41943, in FIGS. 5a, 5b, and
5¢ thereof.

The foregoing description 1s conceptually simple and
works well enough when paper models or fairly flexible
materials are used to construct the folding frame of my
invention (e.g. for a fold-up kite or the like). It can also be
pertinent 1 applications which do not require folding to the
parallel position. With more rigid versions of the invention,
designed to carry more substantial loads, the rigid frame
posts have sufficient bulk as to interfere with one another
when closing to the parallel position. Therefore, to achieve
the parallel configuration, practical considerations require
that the hinge halves be so formed as to have the hinge pin
axis oifset from the longitudinal axis of the frame posts. If
a frame post were constructed with aluminum tubing of one
inch outside diameter, then the offset of the hinge pin axis
would have to be at least one-half inch, 1.e., at least half the
diameter of the frame post.

Each frame post has a hinge half angled acutely to the
frame post at a first end while the hinge half at the second
end is angled obtusely to the frame post (or, in other words,
the second end 1s angled acutely to the extended axis of the
frame post.) In the general case, all half hinge edges (or
hingepin axes) are offset from the longitudinal axis of the
frame post with the offset to the inside of the folding
framework (as is best observed when the four frame posts

10

15

20

25

30

35

40

45

50

55

60

65

2

are 1n the parallel bundle configuration) and the hingepin
axes of the hinge halves at each end of the frame posts are
orthogonal to one another as viewed along the axes of the
frame posts.

Since, with respect to any two nonparallel lines such as
those containing the axes respectively of the frame post and
of the hingepin, each of which has an infinite number of
planes passing through 1t, exactly two such planes exist
which are parallel to one another, one including the line of
the first axis (e.g., frame post) and the other including the
line of the second axis (e.g., hingepin). So, with respect to
the two planes which are parallel to one another and which
include respectively the axis of the frame post and the axis
of the offset hinge-pin, the angle formed between those two
axes when viewed orthogonally to the two parallel planes, 1s
substantially 125.7°, or the complementary angle, 54.3°
(plus or minus one-half degree).

The hinges are connected to form the four frame posts nto
a square, or as folded, into a parallel bundle. Each frame post
must be either the same length with hinges at the ends, or at
least have the longitudinal separation of the hinge halves be
of the same length for all of the four frame posts which are
to be joined together. Under an applied force and pivoting
now about their respective hingepins, the frame posts rear-
range themselves, and the structure which they form, from
a parallel bundle, and then through an intermediate hyper-
bolic paraboloid phase and then 1nto a planar square frame,
which 1s perpendicular to the axes of the parallel bundle.

When any frame post 1s moved relative to 1ts neighbor
frame post, beginning from the parallel bundle
conilguration, 1n which the angle between each frame post
and 1ts pivotal neighbor i1s zero, the angle between each
frame post and its neighbor increases such that that angle 1s
the same at each symmetrically opposed corner of the frame
for each corner at each intermediate unfolding stage. If the
four respective corners of the frame are identified 1n series
around the frame as a, b, ¢, and d, then a and c¢ are
symmetrically opposed and b and d are symmetrically
opposed. Furthermore, a force applied at any point along any
of the frame posts to change the separation of that post with
respect to another post, 1s immediately and equally trans-
mitted to all other frame posts 1n the framework. This, of
course, assumes that the frame posts are constructed of a
torsionally stable material, for example, aluminum tubing.
Linked together as they are by the four respective hinge-
pins, none of the four frame posts 1s free to move without
there being a corresponding movement of each of the other
frame posts.

Thus, if one corner 1s mounted to an external structure,
and 1s therefore constrained against movement with respect
to 1ts corresponding hingepin axis, a coordinated force
applied to drive apart the two frame posts forming the
mounting corner will cause the folded frame to unfold 1n a
uniform manner, each corner having the same angle as its
symmetrically opposed corner at any given point during the
eXcursion.

Should the mounted corner be atfixed to another structure,
such as a mounting column, or a building, then my frame can
be made to fold or unfold adjacent to that mounting struc-
ture. If the frame 1s made to stretch awning canvas, the frame
makes a sturdy side-mount umbrella which can be furled or
unfurled as one may wish.

Minor changes may be made to the configuration espe-
cially to effect stable drive mechanisms. Slight variations
may be necessary, and one such 1s described below with
respect to the preferred embodiment.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a frame post as used in my 1nvention with
a right-oifset half hinge at the bottom and a left-offset half
hinge at the top.

FIG. 2 shows the same frame post as in FIG. 1, rotated 90°
about the longitudinal axis of the frame post.

FIG. 3 shows four frame posts with half hinges 1n place
ready for assembly into the parallel configuration. Also
appearing 1s part of a mounting column with gearbox to
which two frame posts are to be attached.

FIG. 4a 1s an elevation of the stabilizing gears and pinion
ocar of a fully assembled structural unit 1 the closed
(parallel) configuration, with only the two frame posts which
are proximate to the mounting column shown.

FIG. 4b shows the same assembly as 1n FIG. 4a in the
fully opened (square) configuration.

FIG. § shows the gear box mechanism (driving gears and
coupling ring) with frame posts and stabilizing gears
mounted on the gear box assembly.

FIG. 6 shows an array of four folding frames, or structural
units, each mounted on a support column, and each at the
same stage 1n the process of unfurling.

FIG. 7 shows the fully opened frames, or structural units,
previously shown 1n FIG. 6. Note that the position of the
four structural units 1s such that all four units meet at the
center of a square, each corner of which defines the position
of the mounting columns.

PREFERRED EMBODIMENTS OF THE
INVENTION

The preferred embodiment of my invention 1s a folding
umbrella. Other applications may take the form of a rain
catchment, an advertising platform, an exhibition display
structure, a traflic signage platform, a projection screen, a
cabinet door, an office partition or a folding tubular lamp.
The device is made from four frame posts (of any torsion
resistant material, including glass florescent-type tubes),
cach of which has a hinge half at each end.

However, 1n the preferred embodiment, an exception to
the inside offset requirement mentioned above, (with respect
to the parallel bundle) is introduced. Thus, at one of the two
obtuse hinging corners, a spacing module 1s located to serve
as a laterally stable mounting base. In this case hinge halves
straddle outboard of the spacing module and are anchored
with hinge pins through hinge bearings of hinge halves
positioned on the sides of the spacing module and which are
gecometrically similar to the hinge halves on the respective
distal obtuse framework corner. In each other corner of the
structural unit the hinge halves are offset mmboard of the
bundle of four parallel frame posts. This affords a controlled
manner of deploying the framework, for instance, by the
positioning of meshing stabilizing gears concentric with
mounting hingepins which are fixedly attached to their
adjacent hinge halves, which allow the framework to be
opened or closed 1n a stable and symmetrical manner. As the
framework opens to a full planar square form, a stop rest
structure (see FIG. 4b) prevents the frame posts at the
mounting corner from further travel, thereby retaining the
framework 1n a stable square configuration.

Thus, m FIGS. 1 and 2, a frame post 12 1s seen 1n top and
a bottom sections. In the top section, an offset hinge half 14
1s rigidly attached to the frame post 12 and supported by a
brace 16. At the bottom, an offset half hinge 18 1s rigidly
attached to the frame post 12 and supported by a brace 20.

The frame post 12 has a central longitudinal axis 22 and
the hinge bearings 24 define a central axis 26. As may be
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seen 1n FIG. 1, the acute angle 1n the top hinge half, between
the hinge axis 26 and the frame post axis 22, 1s substantially
54.3°. In FIG. 2 it may be seen that the hinge angle is the

complementary obtuse angle of substantially 125.7°.

In FIG. 3 are shown a collection of four frame posts, A,
B, C, and D, with half hinge arrangements along the lines of
that shown 1n FIG. 1 and FIG. 2, arranged 1 parallel, and
having dotted lines to show which hinge half 1s to be meshed
with which other hinge half for the insertion of hinge pins
28, which are secured with conventional fastening means.

Scen from the base, as shown 1n the parallel configuration,
in FIG. 3, frame posts A, B, C, and D are arrayed as specified
in the table below. Frame post D has the frame post position
which 1s to the left and proximal to the base. Counting from
the position of the base it has first (lower) and second
(higher) half hinges. The first hinge half (1) on frame post D
1s to be hinged to the base and the angle of 1ts hingepin axis
to the axis of frame post D is obtuse (125.7°). Its offset,
viewed from the base, 1s to the left of the axis of the frame
post D, and 1t 1s outboard of the framework. The second
(higher) hinge half (2) is to be hinged to hinge half (3),
which is the first (higher) hinge half on frame post B. The
angle of the hingepin axis of hinge (2—-3) to the axis of frame
posts D and B is acute (54.3%). The offset of hinge half (2),
viewed from the base, 1s away from the base, while the offset
of hinge half 3 1s towards the base.

Frame post B has the frame post position which 1s to the
left and distal to the base. Counting from the position of
hinge half (2), it has first (higher) and second (lower) half
hinges. The first hinge half (3) on frame post B, as men-
tioned above, is hinged to hinge half (2). The second (lower)
hinge half (4) is to be hinged to hinge half (§), which is the
second (lower) hinge half on frame post A. The angle of the
hingepin axis of hinge (4-5) to the axis of frame posts B and
A s obtuse. Its offsets, viewed from the base, is right for (4),

and left for (8).

Frame post A has the frame post position which 1s to the
right and distal from the base. Counting from the position of
hinge half (4) it has first (lower) and second (higher) half
hinges. The first hinge half (5) on frame post A, as men-
tioned above, 1s hinged to hinge half (4). The second
(higher) hinge half (6) is hinged to hinge half (7), which is
the first (higher) hinge half on frame post C. The angle of the
hingepin axis of hinge (6—7) to the axis of frame posts A and
C is acute (54.3°). Its offsets, viewed from the base are
towards the base for (6) and away from the base for (7).

Frame post C has the frame post position which 1s to the
rigcht and proximal to the base. Counting from the position
of hinge half (6) it has first (higher) and second (lower) half
hinges. The first hinge half (7) on frame post C, as men-
tioned above, is hinged to hinge half (6). The second (lower)
hinge half (8) is to be hinged to the base. The angle of the
hingepin axis of hinge half (8) to the axis of frame post C is
obtuse. Its offset, viewed from the base, 1s to the right of the
axis of the frame post C, and it 1s outboard of the framework.

The relationships of all of the half hinges on each of the
frame posts 1s given 1n the table below.

Half Hinges Frame post Orien-

hinge No. to  position Angle  Offset tation

D, first 1 base proximal obtuse  left outboard
left

D, 2 3  proximal acute away inboard
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-continued
Half Hinges Frame post Orien-
hinge No. to  position Angle  Offset  tation
second left
B, first 3 2 distal, acute toward 1nboard
left
B, second 4 5 distal, obtuse  right inboard
left
A, first 5 4 distal, obtuse left inboard
right
A, 6 7 distal, acute toward 1nboard
second right
C, first 7 6  proximal acute away inboard
right
C, second 8 base proximal obtuse  right outboard
right

For purposes of controlling the opening and closing of the
structural device of my mvention, frame posts C and D are
provided with special half hinges, (1) and (8), which have
rigidly attached stabilizing gears concentric to each hinge
pin axis. Half hinge (1) mates with half hinge (32) which is
welded to a gearbox 40, which 1s rigidly mounted to a
support 42. Half hinge (8) mates with a half hinge which is
symmetrical to half hinge (32), and which is out of sight
behind the gearbox 40. When assembled, the stabilizing,
gears 36 and 38 mesh together, to be driven by the pinion 44.

FIG. 4a shows the position of the stabilizing gears 36, 38
when the frame posts C and D (as well as A and B, not
shown) are parallel. FIG. 4b shows the position of the gears
in the full open position, held 1n a stable configuration when
the stop 30 comes to rest against the pinion 44.

It may be seen 1n FIG. § that the gearbox 40 1s mounted
to a support 42 which may be a mounting column stoutly
anchored 1n the ground or a building, or some form of base
structure. It may be further seen that the hinge bearings 24
of hinge halves 1 and 8, will be assembled together from the
bearings on the frame posts C and D onto the bearmgs 32
present on gearbox 40. A worm 48 shown 1n FIG. 5 1s driven
by turns introduced through the coupling ring 46. The worm
48 drives against intermediate worm gear 50, which shares
the shaft of step-down pinion gear 34 which drives inter-
mediate step down gear 49, which shares the shaft of pinion
44, which drives the stabilizing gears 36 and 38 as previ-
ously discussed.

By providing the gear box 40 through which are journaled
the two hinge pins 28, a stabilizing base 1s formed by the two
stabilizing gears 36, 38, which are of equal radius and gear
teeth configurations to one another The gear box 40, rigidly
attached to a mounting post 42, or building 42, or some
structure 42, which 1s a fixed reference to the surrounding
environment (e.g., ground, wall, vehicle, vessel, etc.) pro-
vides the defining base of support of the folding framework
structure. As the stabilizing gears 36, 38 (FIGS. 4a, 4b)
rotate against one another, this base remains supportively
constant 1n space relative to 1ts surrounding environment.
The base therefore provides a geometric constancy with
respect to which the frame folds and unfolds.

Each stabilizing gear 36, 38 i1s fixed to 1ts respective
hingepin 28, and the hingepin 28 1s fixed to 1ts correspond-
ing framework member ¢ or d. Thus, the rotation of the
respective meshed gears 36 and 38, produces a symmetrical
movement of the entire structure, folding or unfolding,
which 1s related to 1ts base and surrounding environment.

While meshed, neither gear 36, 38 can rotate freely
without reference to the rotation speed of the other. Thus,
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while meshed, the stabilizing gears coordinate respective
excursions of the frame members ¢ and d (FIG. 3) so that the
frame members’ excursions are constrained relative to the
base and the movements of the framework are therefore
made 1n spatial relation to the surrounding environment. It
1s true that a force applied to a frame member to drive that
frame member relative to another of the four frame
members, will be transmitted throughout the framework to
effect equal and opposite movements at the symmetrical
corners, but 1f the framework 1s to fold/unfold in spatial
relation to 1ts environment then some means must be pro-
vided (here effected by the gear box 40 and meshed jour-
naled stabilizing gears 36, 38) for coordinating movement of
the framework relative to its environment.

In FIG. 6 are shown four folding frameworks configured
as side-mount umbrellas, sunshades, rain catchments, or the
like, each with a membrane 52 installed. As illustrated in
FIG. 6, the frameworks have opened to about 25% of the
fully open configuration. Finally, in FIG. 7, the frameworks
have opened to their fully open configuration. If mounted in
the arrangement shown 1n FIG. 7, the distal corners, adjacent
one another 1n the center of the overall four frame structure,
of the respective frames, may be fitted with connecting
devices to attach each frame to its neighbor so as to
maximize stability of the assemblage.

In addition to the configuration of FIGS. 6 and 7, wherein
four folding framework side-mounted umbrella structures
are mounted on four different bases so as to provide an
over-arching square cover free of mounting obstructions
beneath, 1t 1s also possible to mount four folding framework
side-mounted umbrellas on a single post (¢.g., North-South-
East-West), thereby enabling coverage of the same square
arca as the four-post mount, but with the mounting post
being central to the covered area. By multiplying the num-
bers of side-mounted umbrellas adjacent one another, it 1s
possible to cover an infinitely large surface area, scamlessly,
with a matrix of folding umbrellas of the types provided by
my invention.

I claim:

1. A hinge half comprising

Frame post means, said frame post means defining a
longitudinal axis, and

Said frame post means having a width w, and

Hinge bearing means rigidly connected to said frame post
means, sald hinge bearing means defining a longitudi-
nal axis, and

Said frame post, means axis and said hinge bearing means
axis being disposed at an angle of substantially 54.3° to
onc another when viewed along an axis which 1is
orthogonal to offset parallel planes containing respec-
fively said frame post means axis and said hinge
bearing means axis, said offset parallel planes being

olfset from one another by a distance of at least half of

said width w.

2. A framework member comprising {frame post means,
with said frame post means having two of the hinge halves
of claim 1, said two hinge halves being disposed orthogo-
nally to one another when viewed along said frame post axis.

3. Afolding framework comprising four of the framework
members of claim 2, connected together through cooperative
hinge bearings, and forming a square figure when open and
which folds around lines defined by said hinge bearings.

4. A folding framework 1n a spatial environment, com-
prising:

four of the framework members of claim 2, wherein a first

said framework member and a second said framework
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member are obtusely hinged, each at their respective
proximal ends at separated positions on a base,

movement coordinating means connected to said base,
saidd movement coordinating means being also con-
nected to said first framework member and also to said
second framework member for coordinating spatial
movement of said first framework member and said
second framework member relative to said spatial
environment,

said first framework member being acutely hinged at its
distal end to the proximal end of a third said framework

member,

said second framework member being acutely hinged at
its distal end to the proximal end of a fourth said

framework member,

and the said third framework member being obtusely
hinged at 1ts distal end with the distal end of the fourth

said framework member.
5. Folding frame comprising;:

Four members, each of said members having two half
hinges disposed thereon, said two half hinges being
separated, longitudinally on said member, by a distance
d, said distance d being the same on each of said four
members,
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Each said member having a width w,

Said half hinges having hinging axes disposed respec-
tively at an angle of substantially 54.3° from the
longitudinal axes of the member to which they are
attached, said angle of substantially 54.3° being mea-
sured when viewed along a line orthogonal to parallel
planes containing respectively said longitudinal axis of
said half hinge hinging axis and said longitudinal axis
of said member, said parallel planes being offset from
one another by a distance of at lease half of said width
w, and

said half hinges on each of said members being disposed
orthogonally to one another when viewed along the
longitudinal axes of said members, and

A first half hinge on a first member being hinged to a first
half hinge on a second member,

A second half hinge on said second member being hinged
to a first half hinge on a third member,

A second half hinge on said third member being hinged to
a first half hinge on a fourth member, and

A second half hinge on said fourth member being hinged
to a second half hinge on said first member.

G o e = x
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